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Abstract
The control system for the SPS-BA6 cooling towers station is considered in order to introduce
the concept of a multivariable process. Multivariable control means the maintenace of several
controlled variables at independent set points. In a single-variable system, to keep the single
process variables within their critical values is considered a rather simple operation. In a
complex multivariable system, the determination of the optimal operation point results in a
combination of all set values of the variables. Control of a multivariable system requires
therefore a more complex analysis. As the solution based on a mathematical model of the
process is far beyond acceptable complexity, most mathematical models involve extensive
simplifications and linearizations to optimize the resulting controllers. In this report the author
will demonstrate how fuzzy logic might provide elegant and efficient solutions in the design
of multivariable control based on experimental results rather than on mathematical models.
21 INTRODUCTION
Multivariable control occurs in nearly all processes since cooling water flow rate, tank level and
temperature are normally controlled simultaneously. The multiloop approach, using multi-single-loop
controllers, is the approach used for multivariable control in industrial processes and many successful
multiloop strategies have been developed and continue to be used. The main advantage of a multiloop
control is the use of a simple algorithm, which is especially interesting when most of the process
calculations are done with computing equipment.
Multivariable control retains the proportional-plus-integral-plus-derivative (PID) control
algorithm. This approach is preferred for its relative simplicity and generally provides rather good
performance. This is especially true when the judicious tuning for their constant values, proportional
coefficient, integral coefficient, derivative coefficient (KID) is determined. However, some especially
challenging process control objectives are very difficult or even impossible to achieve with only
classic PID control. In this situation the centralized method for controlling multiple input–output
processes is a better control strategy which provides good performance.
The centralized method refers to a control algorithm where all the process measurements are
used simultaneously to determine the values of the different manipulated variables. The centralized
method uses a dynamic model of the process in the control calculation in addition to these
measurements.
2 INTRODUCTION TO FUZZY CONTROL
The purpose of control is to influence the behaviour of a process by changing the value of the
appropriate variables of that system according to a set of rules that models how the system operates.
Control theory uses a mathematical model to establish a relationship that transforms the observed
state (controlled variable, measured variable) toward the desired state (manipulated variable) to alter
the future state of the process through the final element.
Figure 1: Overview schematic of a classic control loop.
The most common control model is the PID controller. The PID controller takes the output of
the system (observed state) and compares it with the required set point (reference). It adjusts through
the final element the input value of the system (desired state) according to the following equation.
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where E(t) is the error term between the controlled variable CV(t) and the set point SP(t), K, Ti, and
Td are constants, and MV(t) the manipulated variable.
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3The major drawback of this system is that it normally assumes that the process is led by linear
behaviour or at least behaves in some way that is more likely to be considered as a monotonic
function. Moreover, as the complexity of the process increases, it is obviously more difficult to draw
up a coherent model of the process.
Fuzzy logic control may partially replace the role of the mathematical model. It replaces it with
another built from a number of rules that describe only a specific and more often a small section of
the whole process.
3 FUZZY LOGIC IN AUTOMATION
3.1 Introduction
In recent years, fuzzy logic control has really proved its potential in various industrial automation
applications. The control strategy is based on proven concepts that merge the fuzzy logic system and
traditional automation techniques such as Programmable Logic Controller (PLC). The focus of the
optimization strategy realized by both fuzzy logic control systems is to ensure an optimal operation of
the application. A further requirement on the optimization strategy for the BA6 cooling towers station
is to provide a user water supply temperature with a set point error as low as possible. Analysis of the
online behaviour of the cooling towers and the primary water loop is necessary in order to find the
efficient cooling potentials.
3.2 Industrial automation
In industrial automation the PLC is used not only for sequential operation but also for the regulation
loops with the PID controllers. When the PID controllers work properly the process under control is
in a stable condition but they cannot assure stable conditions in the following cases:
- the presence of strong disturbances (non-linearity),
- time-varying parameters of the process,
- presence of dead times.
Even though most technical processes are non-linear and PID controllers are a linear model,
this works relatively well. This is because within a continuous process, the behaviour of the process
can be well-approximated linearly near the operation point. The main reason for this is that a PID
controller assumes the process to behave in a linear way. This relative simplification can be made in a
stable condition but when strong disturbances occur, the process operation can be pushed far away
from the set operating point. In this case the usual linear assumption does not work any more. The
same things happen when the process changes its parameters over time. In these cases the extension
or the partial replacement of PID controllers with fuzzy logic has been shown to be more feasible than
using sophisticated state controllers or even adaptive or predictive controllers.
3.3 Multi-variable control
The real potential of fuzzy logic applications is the straightforward possibility to design multivariable
controllers. In many applications, to keep a single process variable constant can be done well with the
use of PID type controllers. These PID controllers can control and manipulate only one variable.
When the process involves multivariables, this usually results in several independent operating
control loops. These different control loops are not able to talk to each other, so when it becomes
necessary to exploit the interdependencies of the physical variable, one is forced to break down and
set up a complete mathematical model of the process and to attribute differential equations from it,
which are necessary to implement a solution. This is in fact hardly ever feasible or sensible.
This is where the fuzzy logic system provides an elegant and highly efficient solution to the
problem. Fuzzy logic lets us design supervisory multivariable controllers from our own experience
and experimental results rather than from mathematical models. The schematic structure of the fuzzy
logic based control system for the regulation loops of the cooling towers is clarified in Fig. 2.
4Figure 2: Fuzzy logic controller to determine set values for PID controllers.
Each single process variable is kept constant by a PID controller. The set values for the PID
controller result from the fuzzy logic system. This combination, made of fuzzy control system and
PID controllers, is typical for cases like control of several temperatures in different water basins
related to the flow rate variations and combined with external random disturbances.
4 BA6 COOLING TOWERS
4.1 Introduction
The aim of the cooling towers control system, which has to be developed and implemented into the
supervisory system, is to ensure that the flow rate and the water discharge temperature of the primary
water loop have stable operating conditions.
A fundamental characteristic of the cooling towers plant is that its dynamic behaviour is widely
conditioned by some external or even internal conditions. Although these are identifiable conditions,
they can be considered as uncontrollable dynamic disturbances (external temperature, flow variation).
Because of these specific conditions we encountered a problem when establishing a law
between the temperature and corresponding flow rate for each cooling tower. In this way it becomes
difficult to optimize temperature regulation in relation to the flow rate over the whole of the operating
characteristic of a cooling tower.
4.2 Cooling towers process
The important variables involved in the cooling towers process and whose behaviour is to be
predicted in the cooling operation for each cooling tower are
- inlet flow and temperature of each cooling tower,
- outlet flow and temperature of each cooling tower,
- air conditions (flow and temperature) related to the fan variable speed unit and external
temperature and humidity condition.
In most heat transfer processes, a conductive barrier separates the fluids that are exchanging
heat, but there are also direct-contact exchangers where the fluids mix to form a single discharge. The
cooling towers process uses the mechanism of a direct-contact exchange. The first one is the heat
exchange between the primary water and the air condition in the cooling towers. The second one is
the heat exchange between the outside ambient air and the air within the cooling towers. Moreover,
the temperature inside the cooling towers is affected by the balance between the energy transmitted
from the waterfall to the inside air and the energy which can be evacuated from the outside air.
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5In this way, it is important to note that the heat exchange processes are mainly conditioned by
the primary water physical conditions (temperature, flow rate) at the inlet circuit of each tower and by
the outside air flow rate related to the speed fan.
4.3 Control strategy objectives
The prime objective of the control strategy is to keep the primary water cooling circuit within
performance specifications. In particular the objectives are
- minimize the effects of all the disturbances,
- keep a high level of stability,
- maintain the fan in optimal working condition.
Fuzzy logic may be considered as an assortment of decision-making techniques. The
algorithm’s outcome is ruled by a number of key decisions which are made in the algorithm. An
extensive knowledge of the system is required to define the best decision. For the present project we
can decompose the problem into a number of possible decisions by associating fuzzy logic functions
with predefined input and output. The accuracy of the system depends on how many functions and
how many rules are implemented. For the cooling towers process the most interesting thing is that
fuzzy logic enables us to better optimize the presence of strong disturbances (non-linearity), the time-
varying parameters of the process, and the presence of dead times.
4.4 BA6 application overview
Figure 3: BA6 control architecture.
In this application the system must understand and interpret all the different working conditions and
their interdependencies. The system must adjust the PID set point of the fan speed unit from the
outcome of the fuzzy logic controller. All the considered sensor’s signals are fuzzified and fed into
rule blocks. The outputs of the different rule blocks which become the outputs of the logic system are
then defuzzified and become the floating set point of the fan speed unit.
The fuzzy logic controller system must take into account relatively slow temperature changes
because of the big inertia of the primary cooling circuit. This delay time influences the stability of the
whole process. Moreover, in addition to the effect of this delay time, the reaction to any perturbation
must be considered in advance in order to prevent undesirable conditions and ensure higher stability.
5 CONCLUSION
Elements with non-linear properties appear in processes and in their control systems. The simplest,
well-known, non-linear element is the valve characteristic. In some cases the compensation of these
elements is not always possible and the stability cannot be attained without alterations to the process.
Non-linear controllers are very often used to improve performance above what is normally attainable
with the classical linear controllers. Fuzzy logic is used with this objective. It is intended that the
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6fuzzy logic controller can be used in a mixed DCS configuration. The combination of autotuning PID
and fuzzy controllers can really be effective in this application. Indeed, better performance is
attainable with the autotuning PID controller when the process under control is in a stable condition
and behaves in a strictly linear fashion close to the set operating point. When either strong
disturbances (non-linearity) or time-varying parameters appear, the linear assumption does not work
anymore. The same conditions happen when the process changes its parameters over time. In this case
the fuzzy logic system is a straightforward way to provide more efficient and feasible controllers with
high potential rather than using sophisticated controllers or adaptive model-based approaches. The
feasibility study and the breakdown stage now come to an end. The functional analysis for the whole
project will start in April 2000. The first simulation and performance tests on a factory platform
composed of the Simulink®, Matlab® and WizDCS® software will start in September 2000. The on-
site installation tests will start in March 2001.
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